AN ELECTRI CAL BAY HAVI NG A GASTI GHT METAL TANK TheQZ\QnBWY— /
relates to nediumvoltage el ectrical power electricity di st|rpggi on
bays. Each sugh bay has a nmetal tank inside which electrical

switchgear i$ 5 installed, such switchgear including at |east one
circuit-breaker and often.a disconnector, the tank being designed A0

be gastight and commonly being filled with a protective diel ect%

gas, and the eDHELEGERIC COMPOSITION ANBHINTEGBATED &IRCUK RBEVICE ¥rs and
the switchgear 10 housed inside the tank being inplemented via gastight
current bushings. An exanpl e of a nedi umvol tage bay having a

gasti ght nmetal tank filled TﬁéﬁLﬁilﬁElﬂ@&hﬂEﬁ.gas Is disclosed, in
particular, in Gebrauchemuster No. ®4201935. That bay 15 conprises a tank
i nsi de and ar oms) i | . I | | t-ehge are
pl aced. The | !&g%&%ﬂf KrZ\Fén%'&n g%%%%?ésa{lslm tfgke(ggf @%%qrﬁﬁg&ﬁagh&é%gr ee
of conpactness and, to_enabl e all in;service_operations fqQ be

per f or medto 4 Antegrated gircpitceomaprisig thgimproved dielaghng m%ﬁmaﬁr y, that bay
has a gastight tank which is wel ded and which is difficult to
manuf act ure because it I's provided with a bottom setback for the

pur pose of connecting the cables. 1In addition, the |link conductors

between the circuit-breaker e Eidrs pafigRect or 25 elenents
have conplicated shapes and reratr [

aiffer ences | npRRSk00 oS WS in the R A5 s B RS GlusE TR Se AN

for the variou

circuits including chips (e.g., chip back end of line), thin film packages, and
printed circuit boards. Polyimides are useful in forming dielectric interlayers,
passivation layers, alpha parﬁde barriers, and stress buffers. Polyimides are
particulaﬂy useful as an interlayer dielectric material to insulate the conductor
wiring interconnecting the chips on a multichip module. This is known as thin
film wiring. A multichip module is an intermediate level of packaging between
the chips and the circuit board.__ Multichip modules are generally known in the -
art. Multichip modules are made up of multiple layers of power, signal, and
ground planes which deliver power to the chips and distribute the input/output
signals between chips on the module or to/from the circuit board.
. Thereis a coﬁtinu’ing desire in the microelectronics industry to increase
the circuit density in multilevel integrated circuit devices, e.g., memory and
. Iogic; thereby increasing their performance and reducing their cost. In order to

accomplish this goal, there is a desire to reduce the minimum feature size, e.g.,



electricity distribution phases, whi ch el enents are di sposed w dt hwi se
I nside the tank, and the disconnector 30 elenents which are disposed

dept hwi se. Anot her exanple of a bay is disclosed by German
Patent Application No. 29501081.9. That docunent presents a vari ant
havi ng | ongi t udi nal coupling and i ncluding a set of busbars, and a

- variant having 35 transverse coupling and including two sets of busbars.

In the segpift ﬁﬂebﬂ&%h AP hidotd! détrbie @lrdRMdrielcohnt ofthb\mterposed

d| sconnect ors si de- by-'si de W|th a maln axis

| rrpl ement(ﬁ%e%gﬂg<§J§#+e '8 th o%tpréfﬁsg.ﬁpgﬂ t i b% nvo c}ﬁcﬁ%%fefl&' t he

first varlant In addltlon t he various_|ink Conductors al so have
5 conplqresstali andmapagitive eoupling| Polyamide hagandielegtsicaopstant ofyi i ng
rise to unnecessary dissipation of heat energy by the Joul e effect.
The i nverdbout 3.0 avithahechurtipaband themd: ieg ¢o withstanyd pregent a

gastight metal tank that is sinpler in shape 10 and that nakes it possible

?%Piﬁéﬁtéﬁéeyﬁﬁé%ﬁrﬁﬁﬁg 3 thermal eyl phodele R bHES on‘gﬁ?ﬁé‘?ﬁéf”
oSt bl & TRABBAGHTzn GHCRETer1 1 ik de@igd Kot dlelEctric malerials fof fature

integrated circuit devices exhibit a lower dielectric constant (e.g., < 3.0) than

exhibited by polyimide and have improved mechanical and thermal properties.
It is therefore an object of the present invention to provide an improved
integrated circuit device comprising an improved dielectric material.
Other objects and advantages will be apparent from the following
 disclosure.

Summary of the Invention
The present invention relates to an improved dielectric material
comprising cured polyamic ester terminated preferably with a
| trialkoxysilylalkyl group. The present invention also relates to an integrated
circuit device. In one embodiment the devices comprises (i) a substrate,
(i) i1'1'terconnecting metallic circuit lines positioned on the substrate, and
(iii) the improved dielectric material positioned contiguous to the circuit lines

(over and/or between the circuit lines).
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15 between el enents that are as short as possible. The

el ectrical bay of the invention conprises a gastight netal tank
containing at | east one three-phase circuit-breaker and at | east one
t hr ee- phase di sconnector, for intgrconnecting external busbars and/or
20 external electrical cables, the busbars and/or the cables bei ng
I nterconnected individually inside the tank via gastight current

bushi ngs, t heqgjerpidsbnPidAdiftionaldon®lates toldH Ritepitited tirnatpackagingnosed
hori zontal Iy and perpendicularly to a front face of the tank, via

which 25, face the circudt-break 1 |

controll Qﬁ‘,’lcﬁﬁ‘él %%ﬁ%"éﬁ‘%@ﬂ’&wﬁhgﬁi%gﬁe cﬁmg&ﬂﬂa%ﬂg%g ?flﬁ%%g r%snec}l tal SO
being controlled via said front face, and havi ng novi ng bl ades, each
of whi chimeerfiomed to a conductive stationary carrying part carried by
at least 30 one insulating support of an interrupting chanmber having

a novi ng cont @indre thhbwgh disdogaetofitheqresent ivention is presentedrisi the t o a
characteristic of the invention, the tank, which is in the shape of a
rect angul . : ' sYndfird m'ﬁl,iﬁg' ppgct or whose
novi ng SQa %add)feiés%%u%rrl\gu %lrlii?/h%aggﬁl} onegpgtebgt antially \?é?tq?cglgl y I n
the connection position, in which the blades are in contact with
conductive tabs which are in line 3
horizontally parallel to the front face, which are

Fig. 1is a cross-sectional view of a portion of an integrated circuit device
of the present invention. _

Figs. 2-5 show a process. for making an integrated circuit device of the
present invention.

Figs. 6-8 show an alternative process for making an integrated circuit

device of the present invention.

An embodiment of the integrated clrcmt device of the present invention is
shown in Fig. 1. The device generaliy comprises substrate 2, metallic circuit
lines 4, and the improved dielectric material 6 of the present invention. The
subsffate 2 has vertical metallic studs 8 formed therein. The circuit lines _

function to distribute electrical signals in the device and to provide power input

to and signal output from the device. Suitable integrated circuit devices will



si tuat ed above the di sconnector relative to the circuit- breaker in

the tank, and which are connected to first gastight current bushi ngs
carried by a top face of the 5 tank. According to a
characteristic of the invention, the .4 bay is provided with first
current bushi ngs di sposed on the top face of the tank in a manner such
that a central first current bushing is directly above the central tab
10 and generally cabnprisa mltiphd lsptersof cirguitl limes whichhare interainnectedbyor ,
and the other two first current bushings are in line diagonally

rel ative yeticBEnfetallicdtuldsr St ~current bushing, and each of themis
connected to a different tab via an individual first busbar, these 15

busbars bei ng I rall nd ,di SpQ ort hoganal | glative to
the front faceguu’%ﬂuﬁieo%}l%gr%ﬁ%ﬁ gtheegewcg -0% W@?‘?‘%&Qﬁ?ﬁ%cﬂ:ﬁfn central
first bushing in the_ __tank. . ..Ina characteristic of a variant
of the i rfdigen,glicormdioxide glass, silicomnitzide,; carrmicse Alwminume APRRETe ADFL Vi ng
novi ng bl ades, each of which is hinged to a stationary conductive part

carri ed Ipallingvhdenide s Other saitabl@substrates will bpknowvic tatiese skdlleddna
contact connected to said conductive part, the noving bl ades being

angul ar | PGgsid | oL i . td éﬁﬂg ' Q{f\l\lhl ch

t hey ar e%%s%rgh?glc%@mﬂﬁgﬂ%ﬁ%ﬁgﬁd\%t%ﬁg%ewﬂn%ﬁl ri g)hrﬂegl y parallel
to the front, fage,. sityated ab%qlve . the addjtional disconnector relative
to the ciipgulated, circuif linegcan alspfunction as a,sul ted to second gasti ght

30 current bushings carried by the top face of the tank, sai d
addi tional di SSuitabletcreditlings generallyl comiprisé 4 metallic, ot her di sconnect or
relative to the front face of the t ank. According to a

¢ 22[}38 ]E ege%twacgn\a@{cﬁ%tmﬁéeﬁﬂ%ﬁi A ¥pdro Bluhinddim, SaRsstdhgoldposi ti on,
silver, or alloys thereof. Optionally, the circuit lines may be coated with a
metallic liner such as a layer of nickel, tantalum, or chromium, or other layers
such as barrier or adhesion layers (e.g., SiN, TiN).

A preferred embodiment of the present invention relates to an integrated

circuit packaging device '(multichip module) for providing signal and power
_current to a one or more integrated circuit ehips comprising: (i) a substrate
having electrical conductor for connection to a circuit board, (ii) a plurality of
alternating electrically insulating and conducting layers positioned on the
substrate wherein at least of the conducting layers comprises the improved
poly:ﬂnide film of the present invention and (iii) a plurality of vias for
electrica]ly intercennecting electrical conductor, conducting layers and

integrated circuit chips.



bl adeé, whi ch are angularly positioned at | east appr oxi mat el y

hori zontally, is in contact with a 4
respective grounding tab carried by a horizontal strength Cross- pi ece
di sposed central ly between side walls of gthe t ank, above the

i nterrupting chanbers of the circuit- breaker. 5 According to a
characteristic of the invention, the tank i ncludes a di sconnect or

whi ch, in the Theinegeatedwircuit papkagingodevitmis an intermediatel ledelkof
electrically isol ated both fromthe tabs connected to the first

current bitFeerpilih Bl ikt Ghiy 6 B bRt Bdadb RGeS 10
havi ng bggﬁk?if ted m cfvvay g%t%ggé\ﬂé'tah%}%\g ot her the positions, nanely the
connecti on, posjtjan d.the r,oundi siti,on. . . A di to
a char acf%t'qu%'? B‘F'c‘zﬂ\fé’ﬂp%ﬁf e m@&#@ﬁ on a&‘l ﬁ&gﬁﬁ%ﬁ cingt B%??kar%ﬁg (rag?\ﬂ%gd
with second current 15 bushings disposed such that a "central" secaond

current whichis indyri gnonntesk 01y the girguitteoardnt ral tab and directly
above the central noving blade of the additional di sconnect or, such

that the otherTHa'\subsieatlofthd packagingdevideia genesally ahiinerlsulsstratd y
relative to said central second current bushing, and such that each of

20
i vi aush e e ARkod bF g BiRic, CTHA HREkEs b Bpbionall Hive Bieghred

circuits disposed therein. The substrate is provided with electrical conductor

such as input/output pins (I/O pins) for electrically connectipg the packaging
device to the circuit board. A plufa]ity of electrically insulating and electrically
conducting layers (layers having conductive circuits disposed in an dielectric
insulating ma_terial) are alternatively stacked up on the substrate. The layers
are generally formed on the substrate in a layer by layer proceés wherein each
layer is formed in a separate process step.

The packaging device also comprises receiving means for receiving the
integrated circuit chips. Suitable receiving means include pinboards for receipt
of chip I/O pins or metal pads for solder connection to the chip. Generally, the
packaging device also comprises a plurality of electrical vias generally vertically
aligned to electriéally interconnect the I/O pins, the conductive layers énd
integ.'-rated circuit chips disposed in the receiving means. The function structure ___
and method of manufacture of thé integrated circuit packaging devices are well

known to those skilled in the art as disclosed in U.S. Patent Nos. 4,489,364,



positioned symmetrically about the central-bushing corresponding to the
central tab of the additional 25 disconnector in the tank

According to a characteristic of a variant of the i nvention, the
di sconnector and the additional "~ digconnector have their corresponding
el enent s di sposed in line and on the sanme horizontal level in the

tank, in 30 the sane way as the sane-phase_first and_second busbars
are di spds008,981, 4,628,4 0t enddt,Rd1:082, the disclosuwres of which are mncorperafied; ne

i nvention, the tank is ‘provided with external single-pole curved
tubes, edfdrefii byitiefdrenseconnected to the tank at 35 orifices provided in
the rear portion of the plane bottom wal | of the tank, each of which

tubes enabl es gk} 365lire of thEGHUEAOINVENEIRTs the didfebtrit fiiteial wHicB

el enent penetra into the tank so as to be connected to a
stationary copnductjve part carrigd at | gast. one;. IynSul fbd support
of an i ntlérﬂoém‘i'?f’éi EYF&'TQ@é'P“‘Wi@?(ﬁ“ QXQY% %‘F‘{i"‘b@}‘h"&ét IPstﬂg‘?létcet fcally
connected to said 5 part, and each of which tubes enables at |east one

si ngl e- pdntegrated circait dexites, tthelielectme material gan be oftenyplanariged:td r ent
bushi ng received at one end of the tube. that contains it and angularly
posi t i onerindBbhZa 4 Bub¥trate forotlik foraddtion efehicitettlayér of tiraditiivees dllke under

whi ch the
dielectric material comprises an imidized polyamic ester terminated |
(end group) w_ith (RO),(R"),SiR"-, where , m is 1, 2 or 3; m+n=3; R and R’ are
hycirocarbyl groups and R is hydrido or a hydrocarbyl group. The end grouﬁ is
preferably a mono, di or tri C, ¢ alkoxysilyl C, 4 alkyl or aryl grdup (e.g.,.
phenylene, benzylene, napthylene or anthracenylene) group. As used herein,
hydrocarbyl gx;oup means hydrocarbon based group (mono or difunctional) |
having a carbon atom attached to the remainder of the molecule and having
predominantly hydrocarbon character. Hydrocarbyl groups include j_the

following:

(1) Hydrocarbon groups; that is, aliphatic, (e.g., C,-C,, alkyl or alkenyl and
Cs.10 cycloalkyl or cycloalkenyl), aromatic, aliphatic substituted aromatic,
arorﬁatic-subsﬁtuted aliphatic and the like. Such groups are known to those
skilled in the art; examples include methyl (methylene for difunctional

hydrocarbyl group) ethyl, bu:tyl, hexyl, octyl, decyl, dodecyl, tetradecyl,

I
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ml\s\ii\ie\““‘““\“‘\ ‘\ B THIS SHEET HAS BEEN-

'REPLACED




10 tubes are positioned. According to a characteristic of a
variant of the I nvention, the tank is provided wth external straight
si ngl e-pol e tubes, each of which is connected to the tank at orifices
provided in the rear portion of the plane 15 bottomwall of the tank,

behi nd those provided for any curved singl e-pol e tubes, each of which
strai ght tubes enables a different conductor elenent to pass along it
and to pecizideayk cyclohexyh phemyl snaphthyl, benzyd mmdcanthracenyl (all isomyersnar y
conductive part carried by at |east one 20 i nsul ati ng support of an

I nt er r uphpfil fAGREH). Whose stationary contact is electrically
connected to said part, and each of which straight tubes enables, in
particul ar, one phase of an external voltage transforner to be
connected. 25 According to a characteristic of a variant of the
invention, the tank is provided with second gastight . .current bushings
carried Bt h&umpltumﬁadr@oﬁbpamouw; 'Sl?éﬁﬁ:rﬂ'o!lﬁé CPPEAMRE PRt bushi ngs
in a layout identical to that of said first bushings relative to the
front faggdsecarbontditbstitabntewhiclyfintthe contexicofthisinentiom, dy netraléer ed

to a respective one of the first bushings by a commobn busbar which is

recei ved_l.nsi t téﬂg

busbar s Qggég%%ﬁgylww@yr%e. 3 thegmhggcor i%nsgiltl%ﬁglﬁﬁé‘hrﬁﬁﬂ
characteristic of _a varjant of th i nvenRiion, t bay conprises a tank
i n whi chberpware of giyida s&tugggs (.- Q@E‘?’ x> WQ@&?&C’Pﬁﬁare di sposed

(3) Hetero groups; that is, groups which, while predominantly hydrocarbon
in character within the context of this invention, contain atoms other than
carbon present in a chain or ring otherwise composed of carb(:)n atoms. Suitable
hetero atoms will be apparent to those skilled in the art and linclude, for
example, nitrogen, oxygen and sulfur.

In general, no more than about three substituents dr hetero- atoms, and
preferably no more than one, will be present for each 10 carbon atoms in the
hydrocarbon-based group.

The polyamic ester w1th the end group is preferably formed from the
reaction of (i) a diamine; (ii) a diester diacyl halide (e.g., chloride) and (iii) an

aminoalkoxysilane.



6 symmetrical ly about a plane containing the grounding t abs,
t he additional disconnector having noving bl ades, each of which is
nount ed on a conductive carrying part fixed to at | east one insul ating
support of an 5 interrupting chanber,qeach of the noving bl ades of the
addi ti onal disconnector being electrically connected to a stationary
contact of one of the interrupting chanbers whose novi ng contact is
el ect ri c Suitable dimmines have the fornla HgNRNIg wieretre Rdissconnect or housed in
t he sane tank. 10 According to a variant of the invention, the tank
contains an additional disconnector having noving bl ades, - each of

i i v 2 phase novi ng bl ade of
t he di sconnector wit \ t he sane tank, on
conductive. carrying : ch ) at | east one stationary
and insul ating : Al | nter [ hanber, and which are
electrically interconnected via a k&g& whi ch ext ends t hrough t he space
bet ween the interrupting chanmber t whi ch the insulating support is

assigned and the Cross- pieg, \_t-he tank is provided.
According to a variant § P | Ny > bay conprises a tank in
whi ch a di sconnect or a0 i i sconnect or are di sposed
symetrical |y about a plane contai ning the grounding tabs, the

addi tional 25 disconnector having noving $Fades, each of which is

nounted on a stationary conductive carrying part el ectrically connected

to a stationary contact of g {f g _i+nterrupting chanbers via a fixed
conductive part carried M—x-cf e insulating support of the 30
i nterrupting chanber, and 0 Cco or elenents

wherein X is selected from the group consisting of an alkylene chain having 1-3
carbon or halocarbon atoms, carbonyl, —O0—, —5—, —S0,— and —N— alkyl.
The alkylene chain can further be substituted with haloalkyl (e.g., triflucro-

rneﬂnd)andlﬂunud.ﬂﬂnaanmnaﬁctingcan(unﬁnnﬂmybesubﬂdhﬂndlnrae;gq

trifluoromethoxy or the like. Suitable R for the diamine include:

O OO

CF3
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OO




eonnected to gastight bushings and interconnected outside the tank via

an.insul ated and curved conductor and via connectors making it

possi ble to nount current transforners and vol tage transforners
outside the tank, 35 the conductive part, a first one of the conductor
el ements, the insulated conductor, a secopd one of the conduct or

‘el enent s and the stati onary conductive part

7 reI bel el ectricall n series | g order.
Accor di ng t” %@F&Fag‘? %me f gncﬂlé"' su SPFW@&P ey r%l%ple

conprises a tank in which the 5 additional disconnector has noving bl ades
each of mammatmtilengoestaa'ehed wi th the same-phase novi ng bl ade of the -
~di sconnector with which it is housed in the sane tank, on conductive
carrying parts which are fixed to at |east one stationary and-

i nsul ating support of .an i terruptl ng 10 chanber, and which are
electrically i nt QW& éﬁ i nk which extends through the space
bet ween t he 414|t(ham,1pnfd19hehaldmm&,(benmd1ne,t he insul ating support is
assigned and thg, gr(ﬁgfm%qﬁ héhiletdrch the tank is provided. 15
According to an;t#t var| an % ﬁe I hvention, the tank is provided
with current bu € op face of the tank, and organized
to be connected 3t,3)-d1methy1-4 ,4'diamino-biphenyl;

3,3"-dimethoxy benzidine; _

1,4-bis(p-aminophenoxy) benzene; o
1,3-bis(p-aminophenoxy) benzene; —
2,2-bis[4-aminophenyl] hexafluoropropane |

The R irt the diamine may also be an aliphatic or cycloa]ilghatic group-
such as cycloa]kylene e.:g., cyclohexylene. Suitable'aliphatie diamines include
1,4-diaminocyclohexané_ and bis (4-aminocyclohexyl) methane.

A preferred diamine is a diamine wherein X in the above formula.is >C |
(phenyl) _(triﬂuoromeﬁhyl). Preferred diamines are 9,9"-bis (4-aminophenyl)
fluorene (FDA); 4,4 -oxydianiline andil,l-bis (4-aminophenyl)-1-phenyl-

2,2,2-trifluoroethane (3FDA).



Qverhead distribution lines via single-pole link conductors connect ed
to the external portions of 20 respective ones of the current bushings,

each conduct or bei ng equi pped with an insulating el astoner sleeve

whi ch covers the end of it and whigh fits over the externa

portion of the current bushing to which the conductor IS connected. 25
According to er,l st vari.ant i nventi o t he tank
i s provided vvlaTﬁ gﬁ‘?s&‘%ﬁ iﬁhﬁ(}!& 18 smgq éﬁ&qpﬁbe%%l??@

overhead distribution |lines Vi a S|ngle pol e |ink conductors mhlch are
equi pped dianhydride suitablythawingithetformula| eeves and around. whi ch toroi dal -
30 type current transforners are nounted. According to a
characteristic of a variant of the invention, the tank is filled with
a protective di el ectric gas. The invention, its
characteristics and advantage§ 5 are des bed in nore deta|I in the
foll ow ng description

wWth re re to the figures listed
bel ow. n\\\ Figure 1 is a
di agram show ng an "incoﬁ?ng outg/yn Othe invention seen from
the side and in section; Fi gu a a fragnentary di agram
showi ng t he principl e of @ari ant of zﬁOi ncom ng-out goi ng bay 5
assunmed to be seen from above and, in imgi hary manner,

wherein Ar may be selected ﬁ'em.
000 100K
1
f S
CF;

oror o o
iofeselie: )



-throulgh the top face of the tank of this bay; Figure 3 is a side

section diagram of the variant of the bay shown in Figure 2; _
Figure 4 shows the electrical circuit diagramof a 10 "coupling"” bay as
shown in Figure 3; Fi gure 3 s a diagram showi ng an

I ncom ng- out goi ng bay of the in\} ntion provided with of fset busbars,

and seen_fraomthe_side and_in section; Figure 6 is a diagram
show ng Sﬁéta}bh d@lﬁlmdeqmdudﬁhectl ng together the sets of busbars of two
I ncom ng- out goi ng bays via a l.ongitudinal coupling bay; -

Figure 7 is apgrageHitic dimlnglddgari ant of a | ongi tudi nal coupling bay

provi ded wt thﬁ&ﬁ;ﬂ&one dlamiéenent transforners accessible when the

busbars are 2

gureS is. an el ectrical circuit diagram
of the va®irhis(314-dicarbexyphenyl ydr"ﬁffﬁe 7 Fi gure
9 is a di agra@@%l ighean wétﬁﬁarbﬁxﬁl@ﬁﬁddlanhgfdndg two sets of busbars;

25 eI ec Chi C | agram showi ng a vari ant
of the bay ha@f‘% §9§y%1} rb‘(g%@ @W&%@S}‘ﬂe Figure 9;

Figure 11 is his( edgdmarbnmlm@sel)thmeaherdlanh ide guration of a bay for
out door use, B%H&&gbwh&ommﬁ@@ that can be connected to overhead

Fare 11, 2:2bisaAplbaborapnenpDberngtominbraie EXpRRIRMEC out oi ng
e o 7
gu I
known to the Fi?é,g?élnsa%itﬁﬁe tetracar gd'%%n stight.
2,2',3,3-biphenyl tetracarboxylic d1anhydr1de
3,4,3'4' benzophenone tetracarboxylic dianhydride; and
terphenyldianhydride

A preferred diester diacyl chloride is diethyl pyromellitate diacyl chloride.

The diester diacyl chloride is formed by sequentially reacting the
corresponding anhydride with a suitable alcohol and oxalyl chloride. A suitable
alcohol is ethanol. The rate of imidization can be varied by the electronic
substituent effect of the ester group (e.g., ethyl ester suBstituent from ethanol)
and other suitable alcohols for use in the present invention will be known to
those skilled in the art such as disclosed on page 139 of “High Performance
Polyr_x_1ers5 by Hergenrother (1994), the disclosure of which is incorporated
herein by reference. Suitable diester diacyl chlorides are diethyldichloro- N
pyromellitate, diethyl dichlorobiphenyl tetracarboxylate and diethyldichloro

oxydiphthalate. Other suitable diamines and diester diacyl chlorides will be



9 I ‘The tank 1 is assuned to be made of sheet netal in this

exanple, and it is organized to contain various el emrents of electrical
switchgear, in particular the el enents of at |east one circuit-breaker
having three 5 poles whose respective es are angularly positioned to

be perpendicular to one of the walls of "The tank. This wal | is designed
to be the front face of _the bay and it i.sztiéefere@pe%pEA?herei n.

The pol eskngwn dp $heseskilleddnsthesarfsuch as thasediselgsed tn UPhatent ;5
exanpl e, they are assuned to be hidden in al i gnnment behind the pole
that is r4gpRes53% ad bypeandingfcommonlyassigned U.5 Patemt Application&erial Npor -
exanpl e, the chanbers may be of the vacuuminterrupting chanber type,

or of L heod/ag o3l R Ml 1990] et disti6tied of Wiickidve Hicorpdfdtelhéictn

A drive mechanism'3 for driving the circult-breaker i s positioned in
front of .the tank. }Qt Lhcl udes at | east one drive rod 4 which passes
t hrough tPereference; g@iﬂgurposesvi a a gastight bushing device 5, and which

controls the 20 interrupting chanbers 2. The interru .tig? gﬁ{mbe s are
carried by i nsSuitablgaminealkoxysilane basthe formula (H 1(R (PR hwhere on
the wall constituting the front face FA The tank 1 is also

SR, e ke atably ) R ittty Ol Fand B s e g

positions, I8, | auBh&EE tb. 80 Wy End) Ur¥ nbhhétiroatom aryl group (a
hydrocarbon aromatic group without heteroatoms) such as phenylene, |
benzylene or napthylene) which is positi_oned between the amino group and the
silicon atom. Since R is cleaved and removed from the composition during the
reaction, R can be any organic group which does not unacceptably interfere with
-the reactioﬁ and those groups. should be cbntemplated as equivalent to those
claimed herein. Ifn is less than 3, R” is preferably hydrido or lowér Cis alkyl.
A preferred silane is aminophenyltrimethoxysilane. Other suitable silane
reactants will be known to those skilled in the art.

To form the polyamic ester reactant, the three precursors are dissolved in

a suitable solvent (such as NMP) in proper stoichiometric amounts (e.g.,
diamine and diester diacyl chloride in 1:1 with the amount of silane calculated
from the Carothers equation to provide the Iiesired molecular weight of the
polyme'r.product) resulting in alkoxy 'sﬂs?lalj;yl end capping of the polyamic

ester. The alkoxysilylaikyl end capped polyamic ester reactant will have a



eircuit-breaker. The disconnector is provided with three pairs of
nmovi ng contact blades 7, each of which is hinged directly on a carrying
part 8 which is conductive, 30 stationary, and nounted on the insulating
supports 6 of an interrupting chanber 2 whose noving contact is
electrically connected to said part 8. aly one of the bl ades is shown.
‘I'n a "connection” position, the three ing blades 35 7 are in contact
with three conductive_ tabs 9 carrie 0 dJS sed under the
. wal | consmalaenlay weight4¥n) of & %ﬁ%@?ﬂﬁa@a ‘ﬁ npl e, the
busbars 10 are rectilinear

and they elktensilytalkybeéndudapped polyaméc eéstenthas the a“tm@um of the tank. They
~are positioned above the - disconnector relative to the circuit-breaker

in the tazf For exaypl e, the bl ades m% be angul(yrl y positioned .5
vertical l @sss i'ﬂ“ sconnect I on"

. position 3movi nd bl ade - apar HheRt-aB)@&) 0 as
to conply with sEtGi'C‘ci ent 1giNg n e Ween bl ades and

tabs 9. In this position, the 6 ades are, fon ex@rple tt||ted|ntotoa
position m dway between the position - déscribed above and the position
descri bed bel ow. - In a "groundi ng" position, the noving bl ades 7

are rhérih Fis phétiyltdir €8, alkydugid tie pelyamic estercubstiduent is ethyl.

The polyamic ester can be isolated and purified if desired. ‘The polyamic
ester solution has a high solids content (e.g., > 40-50 wt. %) with-a lovr viscosity.
The polyamic ester can be disposed on a substrate as a film by standard '

.art-known techniques. |

The dielectric composition is formed by curing the pol&amic ester. The
polyamm ester has a high imidization temperature of greater than 3756°C. To |
cure the composition, the composition is heated to an elevated temperature
directly or in a stepwise fashion (e.g., 200°C for 2 hrs. to cause chain extension
and then ramped up to 400°C and held for 2 hrs.) to cause complete imidization
of the polyamic ester and cross condensaﬁorr of the silyl reactive groups.

The dielectric c'omposition of the present invention has a dielectric
constant less than 3.2, preferably less than 3.0, and more preferably less |

" than 2.8 at 80°C. The dielectric composition has a low thermal expansion
coefficient at elevated temperatures (e.-g., 1ess than 1000 x 10 [i.e., 1000 pﬁm]

at 450°C preferably less than 500 x 10°°; more preferably less than 100 x 10%) to
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gonnected to a grounding strip for grounding the tank, 15 only one of

t hese tabs bei ng shown. For exanple, each novi ng bl ade may be

angul arly positioned substantially hori zontally, as shown in solid

l i nes. I n known manner, thehﬂPving bl ades 7 are actuated by

a control mechanism 12 outside the ta 1. Adrive rod 20 13 fromthe
control nechani sm passes through the front face FA via a gastight '
bushi ng @¥wid Sl cragking during subsequephthermal;precess saps. PQ}HESS%!%% i ght
bushi ng device 5. This rod acts on a nmechani smconprising a shaft 15,
| ever s lthasasthamsed mechanivah aad polishing chatectdristies and éthanced isetroptn a

| ever which causes the shaft 15 to rotate t hrough a portion of one

revol uti fbgﬁiecla_i' %nﬁrlﬁﬁi%cgﬁ%ﬁ?erﬁes. tPhE Qotnpd8itfory Hise hds WHerhil] HthessCoRless t he

noving b om one position to another via the insulating

connecting ro n,t he,ex sh th | | by
beari ngs ﬂfga %nggeg%llylgﬁs%%maf m,ﬁhgﬁ%lhc&?c{:%gﬁpéﬁo :
Only one of the bearings |18 is shown. . In_a preferred enbodi ment,
t he  gr ourlismechamical properties thadmesisé cpgcking endoenahlgabta beni ch is, for
exanple, a 35 netal cross-piece 31 positioned in the center of the

tank, betaMagRichll§/rhechaiidslyPlatatined ¢ofacilibitedithograpltieformation of

al so serving as a strength nenber and enabling the tank
additional circuit levels in multilevel integrated circuit devices. The dielectric
composition has increased breakdown voltage, enhanced toughness, and
increased crack resistance, even m high ambient humidity with a thick film,
The dielectric éomposiﬁon is optically clear and adheres well to the substrate.
The dielectric composition undergoés minimal shrinkage during heating
(e.g., less than 10%).

The present invention also relates to processes for manufacturing the
integrated circuit device. Referring to Fig. 2, the first step of one process
embodiment involves disposing on a substrate 2 a layer 10 of the dielectric
composition of the present invention comprising trialkoxysilylalkyl end-capped
polyamic ester. The substrate 2 is shown with vertical metallic studs 8. The
polyamic ester is dissolved in a suitable solvent such as dimethyl propylene
urea (DMPU), NMP, or the like, and is applied to the substrate by art-known

- methods such as spin or spray coating or doctor blading. The solution uniquely

has high solids content (e.g. 40-50%) which leads to enhagced planarization.
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t0 withstand pressure or possibly suction better. The busbars 10
are designed to be connected to external three-phase conductors A, B,
C situated outside 5 the tank via current bushings 17A, 17B, 17C carried
by the wall constituting the to ace FS of the tank. Each

current bushing carries a busbar 10 lch, in this exanple, is assuned
to connected via_the bushing to an external conductor, e.g. by neans
of a confbetsscond atep of the pEcess inuddves heatingthepolymaieaster faRnconduct or
may be one of the busbars of a three-phase set of busbars

si t uat edelevated ceraperatidectotbuthichizin extend and inlidizeltheqrddpainieestepr oposed,
and as shown in Figure 2, the three current bushings 17A, 17B, 17C 15

carried Is | ' t fraont
Pace pa Blefefiohitlio boRlifbettion 85 Eealed HPAM bledefibébf bt such ac'dif ablitl)
or preferably s e, sq . that th trent hushi ng,.0f the centj.a :
phage, r@?gréﬁﬁ e 'ggeti)ase C&S‘F]é@?? UHBLJZ%‘ g"@bﬁ’h}‘?ﬁcﬁw W‘Pff)‘ag and

directly above 20 t he correspondi ng noving bl ade 7, when said blade is in
t he conneuate temperdturere.g.atessttham 200%6.g8uitably, the haseds an organimamineent
bushi ngs 17A, 17B, diagonally in line on ei ther side of the central

"phase cu fﬁmﬁﬁiﬂ{ﬂlgyr&&abﬁ Rave a higlBoili! £8nHds rBMovable Byt hat

correspond to 5 The ‘corresponding |1 nks are provided by the busbars

10 ' | dent i eal. | ti d ' I bout the

cont ol " BeabobiRe rrieiof of b Fektol RVEMIEERRRIRL Vo o Mt he fank
1. | f d enbodi ment, the asgenmb]y f by 3Q. .th
Funct | onmetbyldhethancleminendather wealehases SOl oW tgtosh sdled in,

hnd
_current bushings, and as described- above, is housed in the top front .
portion ghe bbeshélas disclodéd in BRS! Pabertn$,206 117, ¢hy diselostrp@f avhightis one

fourth of the tank. 35 In addition, and as shown in Figure 1,
singl e- p%@orporabed herein by reference for all purposes. '

Referring to Fig. 3, the third step of the process involves lithographically
patterning the layer 10 of dielectric composition to form trenches 12
(depressions) in the layer of composition. The trenches 12 shown in Fig. 3
extend to the substrate 2 and to_the metallic studs 8. Lithographic patterning
generally involves (i) coating the layer 10 of dielectric composition with a
posiﬁve or negative photoresist such as those marketed by Shipley or Hoechst
Celanese (AZ photoresist); (ii) imagewise exposing (through a mask) the
photoresist to radiation such as electrdmagnetic, e.g., UV or deep UV;

-(iii) déveloping the image'in the resist, e.g., with suitable basic developer; and
(iv) transferring the image through the layer 10 of dielectric composition to the

substrate 2 with a suitable transfer technique such as rea_Ctive_ion beam etching



eurved external tubes 19, only one of which is shown in Figure 1, are
connected via respective first ones of

12 their ends to orifices provided in the rear portion of t he
- plane bottomwal | FI of the tank 1. Eggh of these t ubes makes it
possi ble to pass a respective curved conductor el enment 20 that

penetrates_intgQ the tank so as 5 to be copnected to tationar
conduct i (RIlpkrPuitable lithegraphiepatterning tes Ur‘?‘i‘gar&}ﬁ%é v B thgse

i nterrupting chanber 2 whose stationary contact is electrically
connect egkilledsin thepart suth as disclosed inTHeompsom ét ahg“Inftredustiosf ta he
single-pole tubes 19 10 is connected to a gastight current bushing 22

whose axifierolitho Ot diveld Bﬂ’wﬂi&hié‘itﬁ:o?%ﬁ@é&h Féint by S
exanpl e,h@acg%h%lgg?%?u usﬁj:lt)’ng 22 isdsgr?gani zed to enable ¢ onelb%r nor e

single-polg electrical cables O per phase to be connected via the
front, bYeYFEERMEL-of connectors that 15 are known per se. The
second end of each.of the single-pole tubes 19 optiagnal |y includes a.
portion (a hoReferring tpHligi 4rini the fourth ptep efithepropess for formmgancyt er nal
toroi dal -type current transforners 23 to be received. 20 In
addi ti onjniepratedéiraiit of the Prosetit iveationpaeaethllic film 14 5 depozited entoer nal
si ngl e- pol e tubes 24 may be connected via respective first once of

their e ngﬁe tp%tterned dielectric layer 10. Preferred metallic materials include copper,

tungsten, and aluminum. The metal is suitably deposited onto the patterned
dielectric layer by art-known techniques such as chemical vapor deposiﬁon
(CVD), plasma-enhanced CVD, electro and electroless deposition, sputtering, or
the like. | | |

Referring to Fig. 5, the last step of the process involves reximoval of excess
metallic material (e.g., planarizing the metallic film 14) so that film 14 is |
generally level with the patterned dielectric layer 10. Planarization can be
accomplished using chemical/mechanical polishing or selective wet or dry
etching. Suitable chemical/mechanical polishing is known to those skilled in
the art. |

Referring to Figs. 6-8, there is shown an alternative embodiment of the
procéss of the present invention for making an integrated cu'cult devices. The
first step of the process in this embodiment involves depositing a metallic

film 16 onto a substrate 18. Substrate 18 is also provided with vertical metallic



orifices provided in the plane bottomwall FI of the tank™ . 1 behind the
hol es provided for the external single-pole 25 tubes 19, if they are
provi ded. Each of the tubes 24, whi ch are assunmed to be straight in
this exanpl e, nakes it possible to g?ss a respective conductor el enent
25 whi ch penetrates into the tank sb’ as to be connected to a
stationar%lconductlve part 21 of one of the interrupting 30 chanhers

The secof Sto fhg Biindihe sespnd step offtbmmss,@mmlélﬁm h a

gastight current bushing 26 which is vertical in this exanple. 1In

t hi s exaiglithographically patterned thivughi amask tefornstrendhen28e Refeeningdd t o
enabl e at | east one T-shaped connection elenent 27 to be 35 connected

toit, sserhaﬂy%r@aofpolfashmﬁ)erwmage

transforrre Zghto be conn cted to

as the bRYPHEBEIRYERAORIE EPaReD H@Mgﬁ?\ CHEASAGRRS: I ot "

is shown in Figure 3. For exanple, it enabl es . a configuration to be
obt ai nedstepeof the process,dhewpolygmic esterds hented taimidize the pelyamirester
Figure 4. Such a configuration makes it possible to obtain

| ongi t UG orfElR the WiERicHAE Tayersitaytheh!ieostabaeied for subsdqient/prosestict or s
A, B, C coOnnect ed to the curre%e'[ 10 bushings 17A, 173, 17C and a set of :

three-phase ,gu_jgfay%r integrated circuit.

The following examples are detailed descriptions of the present
invention. The detailed preparations fall within the scope of, and serve to
exemplify, the more generally d_eétmibed methods set forth above. The examples
are presented for illustrative purpdsés only, ax;d are not intended as a

i

restriction on the scope of the invention.

Example 1 Synthesis of Trimethoxysilane end capped Poly(Amic Ethyl
Ester)
meta-Diethylpyromellitate diacyl chloride (PMDA)
1,1-Bis(4-aminophenyl)-1-phenyl-2,2,2-trifluoroethane (3FDA)

A three-neck flask equipped with an overhead stirrer, nitrogen inlet and
addition funnel was charged with 9.48 mmol (3.2456 g) 3FDA, 1.04 mmol
(0.2218 g) aminophenyltrimethoxysilane, 25 mmol (2 g) pyridine, and 50 mL:
distilled NMP. The system was continuously maintained under a nitrogen

purge. The reaction mixture was cooled to 0°C. The PMDA diethylester



eonductors A, B, C connected to current bushings 17'A, 17 'B, 17'C

di sposed behind the first-nentioned bushi ngs on the top face of the
tank 1'. In this exanple, the coupling is obtained via a succession
of elements 15 conprising a di sconnecl®r having noving bl ades 7. and a
circuit-breaker having interrupting chanbers 2, these two el enent s

bei ng anaj.ogo t.Qq those sho Iln Figure 1, asg. wel | as an.additional
di sconnea‘ﬁgy‘ﬁ’j%a@ (ﬁ@mTﬂalg g) was SJS.SOIF’ﬁabPé"&qOC@,L qfﬁrpg P€i onal

di sconnector has each 20 of its noving blades_ 7' positioned between a
st at i onarchloride andnyuantitstively ¢samefeined tortheiddition; funael.uFhemgethidaner s
2 and a respective one of the busbars 10', as shown in Fi gure 3.

In a prefeplsnde SORATIIWAS SHE dropwike 46 Ehe reddtvormixtiaddiAftenthe

di sconnector which is included inthe tank 1 of a bay anal ogous the -
above- descyy. b ls._ql.so | 2 Qr | l4d nd
That 1o PHGIPRapas cbiipfhieh ik palysi s Had alled th briEqRIskhigtiT
di sconnectors are di sposed syr{etri cal |y, about vertical 30 l.ane (not
shown) t reom terapexatige: dhedpalyiamicribyl es@rbaﬁmmsrq yete 159,13@6‘21’3{ hat is
parallel to the front face FA of the tank. Each of the noving
bl ades 7'coafuldtiomiitiniéthaalol, filtertidsamnd deieddn a vatuumesvencatt6@Cryi ng part
8 that is 35 stationary and conductive, and that is itself carried by

t he insul(Mﬁ_gﬂ)gbgports 6 of one of the interrupting
14 ? )

Example 2 Film Formation

The poly(amic ethyl ester) oligomer from Example 1 was dissolved in
NMP. A clear solution was :formed.with a solids content of 45 wt. %.
The solution was subsequeﬁtly cast by spin coating onto glass plates to form
films from 1 to 10 microns thick. The imidization was accomplished by heating
the polymer films for 1 hr. each at 200°C, 300°C and 400°C under N,
atmosphere. The cured polyimide films were subsequently cooled slowly to
room temperature. The cured polyimide were crack free, exhibited a dielectric
constant of about 3.0 at 80°C temperature, thermal stress of about 45 Mpa, and
a thermal expansion coefficient at 450°C of 75 x 10, |

" Although this invention has been described with respect to specific

embodiments, the details thereof are not to be construed as limitations for it

will be apparent that various embodiments, changes, and modifications may be



¢hanbers 2 whose stationary contact is electrically connected to said
carrying part 8 inside the tank. . In the connection position, the
t hree novi ng bl ades 7 are in contact with three conductive tabs 9
carried 5 by busbars 10" situated above the additional disconnector in
the tank. For exanple, these blades may be angul arly posi ti oned
vertically, as shown in dashed |ines. in the groundi ng position
each of the noving blades 7' are in contact with a tab connected to
the 10 grounding strip of the tank. ig t he enbodi nent presented, in
whi ch the di sconnectors are installed symmetrically about a vertical

m dpl ane of the tank, whi ch midplane is assuned to be-parallel to the
wal | constituting the front face FA, the tabs connected to 15 ground
-are tabs 11 which can sinultaneously receive the bl ades 7 _and 7' of the
two di scoeserdedite without deparngdrempthe spivisiandscopg thereos, and dhiful ar | y
positioned substantially horizontally, as shown in solid lines. 20

In the diirdurstovid ghiatidh éqiivalévet smbodimehite® ihtended t@be inélvidedxanpl e,
tilted mdway between the two above- menti oned positions.

The addi tj qf ' oy 0vi ded wth a specific control
nechanis#kW"]%ﬁﬂég&QSQQfggkfhgaigﬁ "1 25 as is thepcontrol mechani sm 12
whi ch is situated adjacent toit in front of said tank. This mechani sm
i ncl udes a drive rod 13" (shown in part) which passes through the
front face FA via a gastight bushing device that is i dentical or
simlar to the above-nentioned gastight .30 bushing device 5, so as to
extend al ong on of the side wal I s of the tank and so as to be hinged
on one of the | evers 16" of a notion-transm ssion mechani sm conpri sing




levers 16' and isolating connecting rods 16" A and -~ anal ogous to the
mechan B e levers 16 and 35 the connecting rods 16A. The
Ieversmmnm,ﬂ"mmrua" by a rotary shaft 15, and three of themare
connect&d fo the" s *blades 9' via thr i nsul ati ng connecting rods 16'A,
SO as to nove the noving bl ades 7 between the above=
mentioned positions. . The shaft 15 is carried by bearings 18 fixed to
the wal | Wihakis claipgddSie from the front face FAin the tank. 5

The busbars 10" are designed to be connected to conductors situated
outside the tank, via current bushings 17' A. 17'B, 17C carried by the
wal | constituting the top face FS of the tank. Each current bushi ng
17" A 17" B, 14 C %ﬁlﬂepmpéﬁtmm rising® busbar 10" situated
inside the tank to a diffTerent external 1ink conductor A, B or C

si tuat ed outsi de agd abg\ég ai d tank. In the exanple shown in
Fi gure 3 connector al4. A su Stratfy. B, and 14' C are provided for inplenenting
these links 15 and for enahbling thempto be di saonn ct ed. . As shown
in Figure 2, the tKbte duetallic cineaut liges positioped on the gubstrate; apd o gani zed
to be di sposed diagonally - across the top face FS of the tank, as are

t he bushi ngs 1é7 diBlectri€comiposition positionedicogtiguioas 66 theeircwit r al

lines, the composition comprising imidized polyamic ester
terminated with (RO),(R"),SiR"-, where R and R” are
independently a hydrocarbyl group; R” is hydrido or
hydrocarbyl group; m is 1, 2 or 3 and n+m=3, the dielectric
composition having a thermal expansion coefficient of less

than 1000 x 10,

2. The device of claim 1 wherein the polyamic ester is terminated

with a tri-C,.,, alkoxysilyl C,, alkyl group or tri C,.,, alkoxysilylaryl group.

3. The device of claim 2 wherein the polyamic ester comprises a
diamine selected from 9,9"-bis (4-aminophenyl) fluorene, 4,4" oxydianiline and
1,1-bis (4-aminophenyl)-1-phenyl-2,2,2-trifluoroethane, and a diester diacid
halide selected from diC, alkyl dichloro pyromellitate, diC,; alkyl

dichlorooxydiphthalate and diC, ¢ alkyl dichlorobiphenyl-yetracarboxylate.
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20 phase I-s positioned directly above the corresponding tab 9" and

directly ab m ' di ng noving hl.ade 7', ~ when said noving
bl ade is inﬁlm Hmmnmﬁmosition. - lilThe ot her two current bushi ngs
di sposed di afonallly i"n $ * line on either side of the central phase
current bushing 25 are then connected to the tabs 9' that correspond to

them The corresponding |inks are provided by neans of t he busbars
10" which are @osit iThedevicawfcldinn wheleinthe dieledtivic compositiondiasa whi ch
_contains the central - phase bushings 17C and 17' C and the tabs 9 and 9
and whi ch g . i g e plane defined by the front face FA
In a pref g;é:lgég—écmgfﬂ%sﬁeth%s%gbl y fornmed by the functional -
elements contained in the tank 1 between t he additi onal di sconnector
and the current bushings . 17 A _17'B, 17' C,. such _as those descri bed

above, is 35 housed in the rear top portion of the tank, this portion
al so correspondi.ng aA preesss fap formingar iytegoatedecirauit comprisingf t he t ank.

It should be noted that, in this : _ 16
embodi ment, the el eqpyi caboditibliingeh wastibsthte @Xloger of dielectriu.cdmposition t he
circuit-breaker via the disconnectors can bé particularly short. .
A variant of an incom ng-outgaing b havi n tamn " o a kN

Figure 5. It is devel oped®¥™ %mq¥mﬁ85%r3§%t§lﬁn?%a@qf&6|ﬁ'ng‘$t ank

-1 as shown in

where R and R’ are independently a hydrocarbyl group; R”
is hydrido or hydrocarbyl group; m is 1,. 2 or 3 and n+m=3;

(b) heating the composition to imidize the polyamic esfer, the
imidized polyamic ester having a thermal expansion
coefficient less than 1000 x 10, |

(0 | lithographically patterh_ing the dielectric layer;
(d) depositing a metallic film onto the patterned dielectric layer;
~and | |

(e) planarizing the film to form the integrated circuit.

6. The process of claim 5 wherein the polyamic ester is terminated

tri-Cl'_-m alkoxysilyl C,.,, alkyl group or tri C,,, alkoxysilylaryl group.
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Agure 1. However, it differs therefrominsofar as it is provided with

three additi oni,‘ﬂ"”mmuﬂlmm s in addition to the three current
bushi ngs 17A, 18 iy ugsed diagonally relative to the front face

FA of the tank. The"tHred additiona), current bushings 17' A, 17' B,
and- 17' C are di sposed behind the above- ti oned bushings on the top

face of the tank 1" __I|ike those_of bay . hayi ng,.a tank 1'.,as shown in
Figure 3. 15 1~  The REPeRssoiclaim & whbmindbs RIS SIAT CommiSe R
~relating to the sane phase, such as 17A and 17A, is provi ded by an

"of fset" diamineisedanted fiximr3,90bis 4i(asinophenyl) flunreneyet,4 Loxydianiline, and

I nside the tank 1", the three of fset busbars 10" being identical and

paral | el 1,9-818 ¢4 mirdipensl)- 1 HHHy12,3,/20¢riffuroethind, dihd 4 deedter diacid

In the exanple shown in Figure 5, external single- pol e curved tubes

19,21 OB} bbb S5, AR o priiiEafs gD AAD O 1 Pl ane
025 g tate A ot ST Selgabatata s "

coupling bay having a tank 1', the three tanks being in alignnment. 30
The i ncom ng-outgoing bay having a tank 1 is assuned to be identical
to the bay shown in Figure 1. The coupling bay having a tank 1

: ?\Cg?ﬁs zgegut Soé!)'ﬁg b%fﬂﬁg%%tnfgfg&t'%%ﬁé ?ﬁﬁ?yﬁw&%’%&ﬁg I denti cal ;I'ge |
}[ Ego%aﬁg-sga}tmgoz RgFltéﬁrkg iépositiggda @A@m Oh?&g"élgﬁ%@?ai 1E P:r ent sets of
three-phase (b) lithographically patterning the metallic film;
(c) depositing on the patterned metallic film a layei' ofa
dielectric composition comprising polyamic ester terminated
with (RO)m(R”);SiR'-, where R and R’ are independently
hydrocarbyl group; R" is hydrido or hydrocarbyl group; mis -
1,2 0r3 and xi+m=3; and |
(d) heating the composition to imidize the polyamic ester, the
imidized polyamic ester having a thermal expansion

coefficient less than 1000 x 10°,

9. The process of claim 8 wherein the polyamic ester is terminated

with a tri-C, 4 alkoxysilyl C, ¢ alkyl group or tri C,.,, alkoxysilylaryl group.

AT
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conduct or .
correspondi ng tank, and fromone 5 S to the other, the conductors are
in alignment in pairs. |In additior;” the conductors are connected to

respective ones of the current bushings 17 17B, 17C situated in the
vicinity of tHe frThe praeessaf damdy egq;nAﬁhe Poi\‘ﬁIE'HD e5tey, compgises &

I n the exanple shown, the electrical |ink between a , three-phase
ext er nal digaridkecsebectad framcd,Or-bis (antinophesyl) fluorens, thédoxydiprilpneankd by
a connector, such as the X- connectors referenced 14A, 14B, 14C for

the condyqgt Ami LSy, 2 @-trifllioroetBne and a divgtdediseid. 1" of
t he incgﬁ’l’qnlg-%gﬁt gml}lo&)lt)%yslp%re y connectgd to the tank 1' of the

couplin b res tive . ' - whi re preferably
nut ual | mﬁﬁéfﬁﬁd #ﬂ&@%mﬁ%?%%é%@?@g%s gggﬂﬂ bei ng
referenced Al, Bl Cl between_ tanks | andqhi' nd]égo Al Bbgggl bet ween
tanks 1'dighlprooxydiphtbalatesand diCcoalkyd dighiarg pdcfelracap ket o the
current bushings I nt erconnected thereby, such as the connectors

ref erenced 14A1, 14Bl1, 14Cl at tank 1' for the internediate bars Al,
B1, Cl connecting this tank to tank 1. 25 The coupling function for

a set of thr eilpha?‘le%olygmi‘é)étsﬁ’émw 'rg?@élgngfnspgr_f ¥HeRd RyndeRns of

a si ngl e"Coup gbay conprising standardi z ement s,
are independently C,.,, alkyl or phenyl; R” is hydrido, C, ,, alkyl or phenyl; m is

47 ’ rnal conductors, respectively referenced A, B, C and A,
B, C. jfﬂt] " i"mmmaroposed, in each of the sets, the
* I /s one another and to the front face of the

1, 2 or 3 and n+m=3.

12. The polyamic ester of claim 11 wherein the ester is terminated

with tri-C,.;, alkoxysilyl C,;, alkyl group or tri-C,.j, alkoxysilylaryl group.

—_—
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such és the Circuit-breaker, the disconnectors, and the busbars. 30

The i ncom ng- i g a tank 1" perforns the sanme function
as an incom ngmmlgmlﬂlmim'ﬂmrl .e. it enabl es an outgoing cable to be
fed froma set *of ¢ Lt ‘®xt¥rrfal conducti) S via acircuit-breaker and via a
di sconnector. In addition, it makes it {)ossi ble to 35 conpensate, nerely
by nmeans of busbars 10", for the of fset between current bushings of the
sane phase, di¥ tAn intdgratédcircait packagingdevige fayprviding signal and

Anot her exanple of a coupling bay tank 1'D is shown in Figure 7. It

makes it pos;{ﬁ&aﬁrgm %@ﬁnwm@gr&faﬂf&ib%@#ﬁgr%zyt he one shown in

the electric circuit diagramof Figure” 8. I s devel oped from

oxt or nal " conduct i W0 1 eURRERI HaPRE eISRE sondnbBy for st 4"

interrupting chanbers 2 to be connected to the conductive carrying.
parts 8" for carrydlr@ntbeard)vi ng blades 7' of the additional 10
di sconnector. In this exanple, the external link is provided with a

current transfor ng§i)23 fphulity of altérbatiag electricallyshsulating@ndbot h of
whi ch are outside the tank. These transforners can be reached and

- in particular r enpyel ucijgagrﬁ%fsgﬁﬁéiﬁomloﬁ theSsdlstRaeswRérdinatbay are

least one of the layers comprises imidized polyamic ester

terminated with (RO),(R"),SiR'-, where R and R’ are
independently a hydrocarbyl group; R is hydrido or
hydrocarbyl group; m is 1, 2 or 3 and n+m=3, the imidized
polyamic ester having a thermal expansion coefficient of less
than 1000 x 105, and

(ii) a plurality of vias for electrically interconnecting electrical

conductor, conducting layers and the integrated circuit chip.

This Sheet Has Been Rgﬂh&d
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x5 live. upling is achieved in the coupling bay via a

di scdnnec I,ﬂ"’;mu bl ades 7, via a circuit br eaker having

| nt errupt EW m{;d via a - di sconnect or havi ng novi ng bl ades
* Sl thlSs each of the noving blades 7' of the

add| t| onal disconnector is hi nged to an "2uxiliary" conduct’i ve

carrying part 8" that is slightly different fromthe carrying parts 8,

and 8. In thl s1&xanfing ddviee of claiRuk3 Whth¥inCeHd polpamie bbted is itorrhinedd! 0
addi ti onal i nsul ating supports carried by a stationary conductive

6"
‘Fl)'ﬁtrat pzzirltI gl : Cgt&"e@li"o 1 %S' 1T° ng[lvﬁ’a’c% ngy1 gr ‘}‘%’ ?’bﬁ% afe moxy?ﬂ%@ag%lg%

contact of an interrupting chanber 2 in 30 i dentical manner. Each
Lauxiliary carrying part 8" is. . connected to a conductor elenment 25.
Ext érnal singl e-pol e curved tubes 19 anal ogous to t he tube shown in

Figure 1 are conmbct e@hel devies pfclaimel4 whefreinstheopalyantic esterrcommpiisesoa
orifices provided in the rear 35 portion of the plane bottomwall of the

tank 1'D. DO fdi SRR hndO

whi ch penet I&%?%lnei srl(zflgé%eﬁrﬁta lgang @:g&a(;@ta%ﬁ gﬁlé%#r??la (!:ltYlggeIS/él)a o

1 A bR (2SRl phd Sy 1 end Sy e ! AR5 deth SRS S 4 aiBRYe diacid
chloride selected from diC, ¢ alkyl dichloro pyromellitate, diC,salkyl

di_chlorooxydiphthéiate and diC, ¢ alkyl dichlorobiphenyl-tetracarboxylate.



21 connected to the stationary contact of an interrupting chanmber 2,
as descri bed above. A setond end of each single-pole curved tube
24 is 5 provided with a gastight bushing 22 which receives a T-

shaped connector 29 of known type. A busbar 30 covered with

i nsul ati on and nount ed outside the tank makes it possible for each
conduct or el ement 20 to be connecte2é to that one of the conductor 10
el enents 25 which corresponds to the sane phase inside t nk. In
this exanpl e, BDIEhECTRIGICOMRGSITHANAND TEGRAEIEPA&I%GWémﬁﬁé@ ngs 20
and 26 relating to the sane phase by two connectors 27 and 29, e.g.
via the mABSITRACT  outlets thereof. 1 I n the enbodi nent proposed,

5
t he connectors_27.are., ositioned verticall AT g - T jve
mddie . outhéimeption rao Rt BaonkEbleERic somibobfioh 1y g iRBRR
posi tioned horizontal |y.w ' esSNegH | ] : : f aci ng
downwar dsmﬁ?ﬂ{ ‘i%’(':‘f? (aml%éﬁs\é\ﬁ%ﬂgggﬁgu?k @2’ g% Iﬁ(egarlgz\:/ ?glélg‘t %/l\nn?sh(‘lgﬁgéﬁg&g nd is
nmount ed b £ ' X; it 27, 29
ol at i ng. e ERRrdd ). and GBS ARl o iglii Bl 10 Ppod e YNEE LR e
transf or Thh @;55. The didé&trid DeAstia cohpisés infidiced poliaic capigueferable! enents 20
and 25 25, in"the sane way as they are in the tank bay shown in
Fi gure 1. eHafhatedPih iah ﬁghgng&%ﬂmqtively to nmeasure the current
flowi ng al ong the busbars 30, and to - measure the voltage across said
busbars. Fig. 1 Provi ded that both of the disconnectors contained in 30
the tank of a bay as shown in Figure 7 are sinmultaneously in the
groundi ng position, it is possible to access the transforners 23 and
28 associated with the tank, while t he external busbars A B, C and/or

A, B, C to which the bay is connected are live. |In particular, it
is 35 possible to renove the current transforners 23 after




di sconnecting the busbars 30 and the connectors 29.

20 : An addi tional varianmt of a bay having two sets of

.busbars is shown in Figure 9. It nmakes it possible to obtain a
~configuration as shown in the electrical circuit di agram of Figure 10.
5 Thi s di agram shows an exanple of a tank 1''' of a bay serving
to feed an outgoing cable fromtwo sets of t hr ee- phase ext ernal
conductors A, B, C, and A, B, C (two sets of busbars in this

exanpl e). Like the tanks 1 and 1'D, _this tank contains a
circuit-breaker and two 10 disconnectorld27 and 7'. The
configuration of the tank 1''" shown in Figure 9 differs fromthe
above-descri bed tanks in that the disqpnneckpr havi ng novi ng bl ades 7
and the di sconnect or havi ng novi ng blades have their sane-phase

bl ades 15 hinged to the carrying parts 8\ 3\ whi ch are fixed ‘to
the insul ating support and whi c e elJectrixally
in pairs, as shown i JERNOWN N N
tha?figure. Inthi ,}}\\/g;\:/{l etweentwo parts 8 and
8'''" connected to 20 //: o et of ',r"/‘/ he_cLrcui t - breaker

I nterrupting chanber udes %‘%%@,{2 whi ch ext ends
parallel to the chanber in the space between sal d chanber and the
strength cross-piece 31 with FIG. 1 8 :

i nt erconnect ed
8 and 8''' shown in

2RI 10

FIG. 2 8

N '//x\\\\\ N\
FIG. 3 8

14

FIG. 4




whi th the tank i.s provided. 25 The |inks between the stationary

cofitact of each I nterrupting chanber 2 and the external electrical
~cabl es O is inplenented in the same way ‘as in the enbodi nent .
- shown in Figure 1. The above-nentioned bay having two sets of
busbars 30 offers the inportant advantage of inplenenting conponents
al ready used in bays 1 and 1". The configuration of the bay shown
in Figure 11 is nore specifically suited to the case when the bay
(whi ch is of the "dead tank" type) #f the invention is to be 35 used
outdoors in association with everhead lines to which at | east sone of
the current bushings of the bay are connqqied.] The
bay itself is analogous to the bay shown in , FiéLre 3 except for the

fact that the current bushings of the tank 1'(''' that it conprises are
optionally in line parallel to the front)face\FA in one or two (as in

this 5 exanple) rowsEREW RO Y] L2 for the
bushi ngs respectively r i.\\k}}. %\\\\1&_\ &}\}@ 17C . In this

case, each of the cond ;7/7/7’/%?{’;5;///'?’/74’/67"/4 9'_w.th which the
’ A deli ///7//
V' /5’./ i fy,ﬁ ecty under a

di sconnector(s) is/are
respective 10 bushing y connected via a

FIG. 5

2y My
FIG. 6 /22 w'
FIG.7 20 ]8

FG. 8 )
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part of limted size, corresponding functionally to one | g"b%%bars
10 or 10' of the above-descri bed enbodi ments. A sleeve nh f an

i nsul ating el ast oner material 32 covers a single-pole link conductor

- 33 for 15 connecting to one of the pha%e wi res of an overhead |ink

,Which is connected to the tank 1'''' at one of the current bushi ngs,

ver ¢ he rRIARE, B A8 ¢ UeloBiein® Rineccic Cnclalf of 8 opek bl iRt e

in a manngiedd <REMle PQbsetCshalingBbE cirkuiP et KlithduP iﬂ%&iée“ix{) RFosSBHESRA" Y
an

di el ectric distances between 't he phase conductors, et ween the

phase congdpadiave coplinghePolydmitd 18 ldielediric constahi of Gbdut 3/0 With WiebRardiédlS SO
as to increase the creepage di stance. 25 The single-pole 'l nk

conduct orandathermalrproperties 30 withstandrpresetin protessig Sperations SanidOthefidle@dzfing he
dielectric di stances at the ends of the bushings. In a

pr ef er r ecaseodiated rwith semirohdudtor mmnufasmiing.i nHowevers liedy desiféd that |dislegria
cylindrical portion covered with a 30 grounded conductive |ayer enabling
it to couwnateriald for futpreointegratedecirouitndevices exhibitta Iowen sfielectric codstanyf (el g1e
toroi dal type, surrounding the single-pole conductor 33 whi ch passes
al ong t he<sl®evkan exbibited i by, paljimide andr hawef dmproved) miechanicap osid ithereshl at -
the external portion 35 of the current bushing in question, e.g. on a
cyl i ndri gapperties.porti on of the sleeve fitted over the external portion of

t he bushing and under a second portion of the sleeve, . .
It is therefore an object of the present invention to provide an improved integrated

circuit device comprising an improved dielectric material.

- Other objects and advantages will be apparent from the following disclosure.

SUMMARY OF THE INVENTION

According to a first embodiment of this invention, there is provided an integrated
circuit device comprising: (a) a substrate; (b) metallic circuit lines positioned on the
substrate; and (c) dielectric composition positioned contiguous to the circuit lines, the
composition comprising imidized polyamic ester terminated with (RO)m(R"),SiR -,
where R and R are independently a hydrocarbyl group; R" is hydrogen or hydrocarbyl.
gmup; mis 1, 2 or 3 and n+m=3, the dielectric composition having a thermal
expansion coefficient of less than 1000 x 106,

According to a second embodiment of this invention, there is provided a process

- for forming an integrated circuit comprising: (a) positioning on a- substrate a layer of

dielectric composition comprising polyamic ester terminated with (RO)L(R™),SiR"-,
where R and R’ are independently a hydrocarbyl group:; R" is hydrogen or hydrocarbyl
‘group; m is 1, 2 or 3 and n+m=3; (b) heating the composition to imidize the polyamic
ester, the imidized polyamic ester having_a thermal expansion coefficient less than 1000
x 10-6; (c) lithographically patterning the dielectric layer; (d) depositing a metallic film

onto the patterned dielectric layer; and (e) planarizing the film to form the integrated

circuit.

REPLACEMENT SHEET
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n

22 The conductive | ayer provided on each sleeve term nates in a

flare or in a circular arc at the second portion, above the bushi ngs,
50 as to reduce the electric field at the end of the conductive | ayer.
5 Tanks such as 1''""’ of the invention can be used to make
medi um vol t age gas-i nsul ated bays for outdoor use and connectable to
overhead distribution lines, such a bay containing a circuit-breaker,
one or nore di sconnectors and sone of the essential electrical Iink 10
el enents housed in a container that is2f relatively |ow vol ume
conpared with known bay configurations, and using st andar di zed

var ants o Ghgaape tha ST ciflini ot i UErF B Loplinie
or gani zeq- b aiaged #i (RO, (URIR £ R R T HoeBBERTE, £ Birbiove,
it is posﬁ.lxngﬁgg R"%R%%@fﬂc&zg{% i(welroﬁga li%tis i 2%g|3tan33{,pﬁr=._3)ne of or both

of upstream : stre I nes connected to respective ones
of 20 the dife @fivention also relates™ 85 af iApFived diél_eé&i@“xﬁﬂgﬁak@&nﬁﬁﬁ@ with
a di sconnect or whose bl ades are in the connection position nd

are thus coesingolyssictester tminated piefdrabsliliwidsa trm?'ﬁtylalkyl grédpy ThéBreqael 17C

- serving the litne to be short-circuited 25 by putting the bl ades of the

second dijnvention cilsyr rélates b an inteprated dirogit dewict. din, oenembyditens g déviee
circuit-breaker by using the short-gcircuit closure capability specific
t her et 0. chmpuises (iy.a substratee (i) i intercoanedting rmethllic neirtuitnlines pesitioned| emttheranner
by inverting the positioning of the 30 disconnectors when the line is
served visabsttate, candr @i the improwdd diglectiic' material' positioned ta@htiguous to the circuit

lines (over and/or between the circuit lines).

REPLACEMENT SHEET
12 MAR 1898




When the di sconnectors are in the disconnection posi tion, [i

-possible to verify the circuit-breaker, whi | e the over heag REE@E;E‘ME:NT SHEET
live. It is therefore very 35 easy and very safe for the opdrgto t ake
“such acti on. Naturally, provision is made to raise tHelt {ﬂz E’PR 1399
:by means of a support franme, not shown, so as to satisfy
23 t he m ni rum hei ght reqw rement for live elements of guch

medi um vol tage facilities. P|50V| sion is al so nade to-pherent

t anks anal ogous to the tank 1'"'" and in which the circuit-breaker is 5
connected directly to the current bushlngs when no di sconnector is

pr esent 4{508,981,:4,628,411hand 4;3&190&2;6:11&3]1st$11le£ wehich@redncorparated

configuration are not-shown herein. For exanple, they may be

constit iy Eﬁgg connecting respective ones of the noving
contacts an %P%p&%%e stationary tontacts of t he phase interrupting
chanber s of e CII’ ui t-bregker to internal tian f. respective
ones of the Q?lftgﬁ?ﬁ ¢ Bresend myen ﬁsfﬁ%smﬁeﬂ?ﬁ t he
top face FS of the tank. Provision is also made to equip the

bott om mpbs).ﬁomdlﬁer,tardu.nﬂandlorﬂbetWeenaheamsutelmaﬂw&ummlﬁahmlons of the

tanks 1, 1", or 1 , respectively shown in Figures 1, 7, and 9, are

equi ppeg, Aevfeeb OtiY dRlecticiRterial wntﬁé‘éﬁé&Wd ¥l t age

t ransfor rre?s to be connect ed to
function as a substrate for the formation of the next layer of circuit lines. The

dielecu'ic material typically wmmes an imidized polyamic ester terminated i

(end éroup) with (RO),,(R")SiR"™, where, m is 1, 2 or 3; m+n=3; R and R’ are
hydrocarbyl gfoups and R" is hydzidﬁ or a hydrocarbyl group. The end group is
preferably a mono, di or tri C, alkoxysilyl C, ; alkyl or aryl group (e.g.,.
phenylene, benzylene, napthylene or anthracenylene) gﬁmp. As used herﬁn,
hydrocarb&l group means hydr_ocgrbon based group (mono or difunctional)
having a carbon atom attached to the remainder of the molecule and having
predominantly hydrocarbon character. Hydrocarbyl groﬁ.ps include the

following:

(1)  Hydrocarbon groups; thatis, aliphatic, (e.g., Cy-Cyo alkyl or alkeny! and
Cs.10 cycloalkyl or cycloalkenyl), aromatic, aliphatic sgbsﬁtuted aromatic,
aromatic-substituted aliphatic and the like. Such groups are known to those |
gkilled in the art; examples include methyl (ﬁethylene for. difunctional

hydrocarbyl group) ethyl, bufyl, hexyl, octyl, decyl, dodecyl, tetradecyl,



external single-pole cables by nmeans of suitable 20 connget-or-s—an

connector outlets. This is not described in any nor e| RERIACEM
I nsof ar as such equi ppi ng can be achi eved as i ndi cat e

reference to the above-nentioned figures. In i
(not shown) of the "dead tank" 25 type, as defined above aﬁ?ﬁﬁ@

gastight current bushings 17 is fixed to one end of alr
sl opi ng netal tube whose other end is fixed to the taphk at
orifices provided in the top face FS {pr t hese current

di fference between the slopes of the

ENFiSHEET

Ubes 30 is then chosen so as-to

satisfy the required dielectric di stance between the insulating

s| eevesmalequlanweightdVn) of abagt 5,000 tar2d,000 gmali A isyitable pped.

The sl eeves can therefore be straight sleeves that are sinpler and

| ess CO&MOMWW%Q@%?&%%EM& the striéh@gdi tion, it is then

possi bl e to nount

ar ound

t her eby

ordal -type curremt transfornmers directly
%opi ng nmetal tubes,

h 0 24

(s&b osisLRRYT [y U eoTGEUr prapd \EO5eh! v.

33 | Eifc © erH 0 Nf kNH-—R-Si(OEt)a
0 L0 COE .

wherein R is phenyl or C,; alkyl a.nd the polyamic ester substituent is ethyl.
‘The polyamic ester can be isolated and punﬁed if desired. The polyamic |
ester soiuﬁon has a high solids content (e.g., > 40-50 wt. %) with a low viscosity.
The polyamic ester can be disposed on a substrai_:e as a film by standard
art-known techniques. | |
The dielectric composition is formed by curing the polyannc ester. The
poiyamic ester txpically has a high imidization temperature of greater than 375°C. To
cure the composition, the composition is typically heated to an elevated temperature *
directly or in a stepwise faohion ing;, 200°C for 2 hrs. to oausé chain extension
and then ramped up to 400°C and held for 2 brs.) fo cause complete imidization
of the polyamic ester and cross condensation of the silyl reactive groups.
| The .dieleotrio composition of the present invention 'typicolly has a dielectric
constant less than 3.2, preferably less than 3.0, and more preferably less
than 28.8 at 80°C. The dielectric composition typically has a low thermal expansion
coeﬂioient at elefated temperatures (e.g., less than 1000 x 10° [i.e., 1000 ppm]

at 450°C preferably less than 500 x 10°; more prefera_bly less than 100 x 10_‘) to



25 1. Electric cell conprising a seal ed net

-PPACEMENT SHEET

=

_containing at |east one three phase breaker and one thr 2

isolating switch, for interconnecting external conductijvg bars dl/
. external electric cables individually connected inside the x 32 - gg@h
., the internediary of sealed current feed-throughs, the circui r eaker

retoT

havi ng breaki ng chanbers (2) disposed horizontally and perpendi cul ar
to a front side (FA) of the box tﬂlough whi ch the circu
the isolating switch are controll ed, the isolating switch conprising
bl ades (7), . abl e pet \Maen, at last one so called di sconnecting '
posi tion ‘Fﬂﬁ‘qgﬁ@oﬁﬁé »g dpsing sabsequensd thenmaak progesscsteppe Theenmpesibiont 10
| east approxinmately oriented vertically, in contact with conductive studs
(9) whi chhas enharded imechanival aHprais'hiﬁgdhmaéﬁeﬁcs and lkathbnesd isdt#epic hese

studs being | ocated above the " isolating switch with regard to the

circuit boptictkesand Qi ; bei ] to firkst ' rdsent
Feed-t hrotghs. reni e Ploreles, “ril collpoGHio} gl sl s HRFERL ey o

i sol ati ng, swi.tch ing arficuylated each on a fixed bearing nenber_ (8)

i tsel f nolst @énigg‘i@ﬁ\ RIFET3 s& than PO B0 Forther. teadiglectris)cogpositione aki ng -
chanber to a novabl e cont act of which this bearing nenber is il

connect echaginechahieal pepértidstliatiriesist ecdckivg had enable itierlsd | .l epi pedi cal

and optimally cubic box conprises first current feed-troughs nmount ed

on the t s ' ' i : -fhrough
(170 CheifamediRrioiny b1ahiaed f BRtRaRe lh3bear it KA B8 gF 1 o;
the isolatjng switch and 20 the_two other first current feed-throughs
di agonal |1addifippabeironitievelsjnsnultdlevelintegrated circuitdevices The dieleetrie),
each being respectively connected to a different stud by a first

i ndivid uaionspusmﬁﬁ by iReredsbd brealidotmbiltagepanhihédd '

ort hogonal | y- wi t respect to.the ffont side of the box, bei ng al so

posi tion tically.wth r . . e fiid, t hal d-trough
"1t he baRoreAeA sk ittt SRR Eh high punthPal Bimigl it X Gl RS, '
conprises_a box containing an . .

The dielectric composition is optically clear and adheres well to the substrate.

The dielectric composition undergoes minimal shrinkage during heating -
(e.g., Igs.'s than 10%). .
| The preaenf invention also relates to proc_ésses for manufacturing the

integrated circuit deﬁce. Referring to Fig. 2, the first sﬁep of one process
embodiment invdl;res' disposing on a substrate 2 a layer 10 of the dielectric
composition of thé present invention comprising tnalkoxys:lylalkyl end-capped
polj'amic ester. The subStrate 2 is shown with vertical meté]lii: studs 8. The
polyamic ester is dissdlveti in a suitable solvent such as d:methyl propylene

© urea (DMPU), NMP, or the like, and is applied to the substrate.by art-known
methods such aé spin or spray coating or do@r’ blading. The solution un_iquely

has 'high solids content (e.g. 40-50%) which leads to enhanqed plé.narization.

S



. novabl etbl &a

ad%vﬁ tch (7) with novable blades each of which is alsq
articul ate fi xed conductive nmenber (8, 8", 8" REPDA@EMENWSHEET

' i'nSLIm,I menbers (6, 6") of a breakl ng ch IUCI t2r—t-o

: one d’ﬂm&w Ethi s conductive menber is conneciegd eltjé] g
ei ng di sposed vertically in a 30 conpe¢t S@ 1985

“in which they are in contact with conductive studs (9') harizantal ly

aligned parallel to the front side, |ocatged above this additional isolating

switch with respect to the circuit breaker in the box and cbrreeted—te

second seal ed current feed-troughs (I7°A 17'B, 17°'C) nounted on the
top side Whdthe ceq fd.d additional isolating switch being | ocated

. behind the other |soﬁat|ng switch with 35 respect to the front side of
t he box. 26 3. Cell, according to claim1 or claim 2,
characterised in that, in an earthing position, each of said novabl e
bl ades, at |east approxi mately disposed horizontally, is in cont act
with an eartind st ueln(mtggmteé teix¢utindevieroeamprisiaig: st r engt heni ng cross

menber (31) disposed centrally between the ,side walls of the box above the
breaking 5 chanbefgy of zisapstrdteuit breaker. 4. Cell,
according to one of the clains 1 to 3, characterised in that it includes~

an isolating sw th@n Whi chy. i 0t he di sc%? a&iﬁ@%(é%b El [ ge dV?gl tehe

-—’

bl ades are el ri coeteliG ok line
first current feed-throughs - and the earting studs ( 1) included in the
box, these bl ades bE)ng dielectmiacompositign positionedwontiguous tothe ciretitand

eart hing positions. 5. Cell, according to any one of the.clains

2 to 4, characterised i ih B8 thel oslhﬁﬁbirk? WWr oughs
di sposed in such a way thaf ‘a second so ca
terminated with (RO)(R"),SiR"-, where R and R" are
independently a hydrocarbyl group; R" is hydrogen or «.
hydrocarbyl group; m is 1, 2 or 3 and n+m=3, the dielech;ic
composition having a thermal expansion coefficient of less

- than 1000 x 10,

2. . The device of claim 1 wh&én the polyamic ester is ternﬁnéted

| with a tri-C,,, alkoxysilyl C, ,, alkyl group or tri C, ;, alkoxysilylaryl group.

3.  The device of claim 2 wherein the polyamic ester comprises a
diamine selected from 9,9°-bis (4-_am_inophenyl) ﬂuorené, 4,4° oxjdianiline and
1,1-bis (4-amindphenyl)-1-pheny1-2 2,2-trifluoroethane, and a diester diacid
halide selected ﬁ-om dxC,.s aJ.kyl dxchloro pyrome]htate, d;Chs alkyl |

dxchlorooxydmhthalate and d1Cl_s alkyl dlchlorobzphenyl-tetracarboxylate



centr current feedtrough (17'C) is directly above the cent 1
_the centra bl e bl ade of the additional isolating \REP(LW,CEMENThSHEET

Wy

C.

r g-oiagonartTy

“the ot hfml’ nd current 15 feed-throughs (17A, 17'B)
al.i gned ’m wg his second central current fegd-jth h
bei ng re$pect iy ct ed to a different stud by a S%UMR s
i ndi vi dual connecting bar (10), these two second bars being

symmetrically with respect to the central feed-through corr

central stud of the additional iéﬂlating switch in the box—26

60 Cell, according to any one of the clais 2 to 5 characterised in that the
isolating switch and the additional isolating switch have their
correspondi ng el ements (7, 77 and 9, 9) disposed-in alignment and at

(e, same horg zont e Ly drbubde ket th aidiErld ko fatoRad bon (10

10')-of the sane accor 0 any one of clains

1to 6, ar cterl sed t hat conprises a box equi pped wth
ext er nie G’ﬁﬁ% \ngescsdg@é‘é&eh of which is attached to the box

at orifices forrred in the rear part of the flat bottomwall (FL) of
this box, each of which provides passage for a different conductive el enent
(20), penetrati ng into the box to connect a fixed conducti ve nenber

(21) nounte ?‘?}m: 1 . a breaking
chanber (2) o theplmxea con acm%aﬁgg aﬁV\%l cﬁ %EP né%{)aéxrl is eI ectrically
connected and each_of which allows t conn ction of at st one
uni pol ar el ect ri 8 abl ROSIBPIING 999%5‘% Pﬁﬁiﬁlm@m‘éﬂ Br r ent

f eed-t hrough housed at one end of the tube that contains it and di sposed

hori zont al I'y andorapeiitig polyabsioebteritetininited with(ROY(RM,SHR| ubes

are positioned. : 8. Cell, according. to any one of clains 1 to 7,
characterised in tha t real
strai ght uni pol ar tubeg%mgmﬁﬁ%%tﬁqgmwﬁ&&ﬁ

27 is hydrogen or hydrocarbyl group; m is 1, 2 or 3 and n+m=3;

(b) heating the composition to imidize the polyamic ester, the '.
imidized polyamic ester having a thermal expansion
coefficient less than 1000 x 10%;

() lithographiwﬂy patterning the dielectric layer;

(d) depositing a metallic film onto the pé.tteméd dielectric layer;
and |

() planarizing the flm to form the integrated circuit.

6.  The process of claim 5 wherein the polyamic ester is terminated

tri-C,.,, alkoxysilyl C,.,, alkyl group or tri C, ;4 a]koxyéilylaryl group..
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_of whith praevi _

=penetrating into the box to connect to a fixed conducti ve rrenﬁ?r g@&lmg
a bre
rioallos

smounted on at |east one insulating supporting nmenber (6) 5 df

»

e O

e age for a di fferent conductive el efe (25)

' ng

i rmed in the rear part of the flat |ower papatt—ot—this -
g}’mﬂof t hose fornmed for any curved uni pol ar HEB&AGEMENT SHEET
S

chanmber (2), to the fixed. contact of which this nenber is el dcthieatty
connected and each of which in particular allows the connectign of one

phase of an external voltage trans2drmer (28). 9. fT—accor di ng
to any one of clains 1 to 4 , characterised in that it conprises

second seal ed 7eur T efle pRRAst BF EMAHPE GHforGin thE Plyddii CustipPhAsiqn 4 he Lop

side (FS) 10 of the box to the rear of the first current ughs

(17A. 17 17C) _in igdentical arran t thereto wit.h respect, to
the. T r onfiadi ssldaldl from.9.5' i85 ¢ rmlophetl Htioneds €20 ahvdidoiiabyand ons
bei ng respectively connected to one of the first feed- t hroughs by a
conduct i Mel-big (4-antinophenyl):lspbenylb,2 2rtrifluorcetbane, and adliestesidiacid t he
box parallel to the top side of the box, these bars being paralel to each

other. 1halidbGeldetbd frfih @c Dalkyl &icRioFb pyRimelli teajispd in that it

3 {
conprises a box 1 n which t He additional 1solating LW tch- has novabl e
bl ades (% each re ctiyvel. i tiQngd. Wit h e, novapl e.bl ade (7) of
Phe s ams AghlE8 Ryt Ralatana ARG, ; AR dhhloropipldnyl e pacaBos Bt 0 | 1 1 ho
sanme box, on conductive bearing nenbers (8, 8 '') nounted on at | east

one fixed insulating supporting nenber (;6) of a breaking chanber and which
are 20 el ectrically connected by a |link which extends in the space

exi sting betwgen ?ﬁﬁw Qirkiy é@%ﬂ gs_ul ating
suppor t rren\ggf ismalgls.?cgﬁse and t cr o%s rner‘rzbcdea%ﬁ t hat the box

i ncl udes. 11, Eleciric.cell comy.iaing a sealed netal box containig
at |east one three®has 9W51m%ﬂﬁﬂm§hng’ﬁeaﬁ #fiase isol ating .
switch, for interconnecting external conductive 25 bars and/or external~
el ectric cables in)i dilithographically patterainpethemetallicfilmugh t he

i ntermedi ary of seal ed current feed-throughs, the circuit breaker having

front side (Fa) of Dn GepostiPRie MR Rennmay BRFLEA™ 0 [\ o

isolating switch are controlled, the jsolating, switch conprj si ng
bl ades (7), novabl e bet Sielackric compositionomnrising pelvarsifeater hefroinate
position and a connected position, according to which the bl ades are at

| east _appr oxi mat elitR(RO). R"NSIR 1,o0hére R iand Rnassindepehdeatiguct i-ve

studs (9) which are hori zont al | y aligned paraliel to the front side,
t hese studs being | ocat TP e b [ iteh.wth regard to a
br eaki ng chanber in theﬁgcggp%ﬁgl %Fﬁgkefse%%glq?%ﬁwéﬁ’ﬂ group; o _ _

1,20r 3' and n+m=3; and

(@ heating the composition to imidize the polyamic ester, the
imidized polyamic ester having a thermal expansion

coefficient less than 1000 x 10%,

9. The process of claim 8 wherein the polyamic ester is terminated

With atri-C 16 alkoxysilyl Cie alkyl group or tri C, , a.lkqusily_]axyl group.
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t he brﬂ”mﬂ%m bl ades of an:isolating switch being articul

fi xed | m 8) | | 28

i tsel f *noun ph ,,ll nsul ati ng supporting nmenber (6) of a b eakitn% MAR 1992
[

. chanber to a novabl e contact of which thi S bearing nenbe
connected, characterised in that the rect angul ar parall el epi pedi cal -
and optimally cubic box conprises curr@at feed- t hr oughs “vetrtedt—on

the top side of the box, with every current feed-through (17A 5 17B,
17C, 17" A, 1I0.B, THe §}o&ssmmbwse@iﬁwPamc@@a&womﬁﬁ@ébeaof an

isolating swtch, said feed-throughs being aligned in parallel to the front

The | niipaane selechid tioth 3 RATL SR RRKS MTfhetlert/s BySRRHRE 8R4, 1 e

respectiv%ext ernal partg of the current feed-thrqughs, each conductor
bei ng fhitkis (4iemingphenyli bkphegytiZ:2.2dmilucroethane and 2 diestepdiacidovers it
at the end and which fits on to the external part. of the current

f eed- t ialidisdlectedi@bu &G,  WdRyL dicoropyranieiitate|, diC, alil. Cel | according

to claim 11, characteri sed in that it conprises current, feed- )
| ntor neapalipoRRniphib e 3l EC A ExhlofhbibBeny L Aol co wi o

i nsul ating el astomer sleeves 15 and around which are nounted torotdal.

current transfornmers (34). 13. Cell according to any one of clains |
to 12 ,charactersed in that it is filled wit a protective dielectric
gas. 11.  Apolyamic ester terminated with (RO),(R") SiR"~, where R and R”

are independently C;_;q alkyl or phenyl; R” is hydrogen, &1-10 alkyl or phenyl; m is

1, 2 or 3 and n+m=3.

12. The polyamic esbef of claim 11 wherein the ester is terminated

with tri-C, o alkoxysilyl C,.,, alkyl group or tri-C,.,, alkoxysilylaryl group.
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13. Anintegrated drcuit packaging device for providing signal and
power current to an integrated circuit chip comprising:
@) asubstrate having electrical conductor for connection toa
circuitboard, | |
(it) a plurality of alternating electxical}y insulating and
- conducting layefs po_siﬁoi;ed on the subétrate wherein at
least one of the layers comprises imidized polyamic ester
terminated with (RO)..(R").SiR'-, where R and R’ are
independently a hydrocgrby_l group; R" is h&dro‘gén i.)r' IR
hydrocarbyl group; mis 1, 2 or 3 and n+n:;=3, the imidized "
polyamic eétei :'ha'vi.ng a thermal expansion ct:)e_ﬁdent of less
than 1000 x 10%, and N
(i) a plurality of v:as for élecﬁica]_ly interconnecting electrical

conductor, conducting layers and the integrated circuit chip.



